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Abstract—Advanced glycation end-products (AGEs) have been found to be critically involved in initiation or progression of
diabetes secondary complications (nephropathy, retinopathy, neuropathy, and angiopathy). Various hyper-glycating car-
bonyl compounds such as 3-deoxyglucosone (3-DG) are produced in pathophysiological conditions that form AGEs in high
quantity both in vivo and in vitro. In the first stage of this study, we glycated histone H2A protein by 3-DG, and the results
showed the formation of various intermediates and AGEs as well as structural changes in the protein. In the second stage,
we studied the immunogenicity of native and 3-DG-glycated H2A protein in female rabbits. The modified H2A was highly
immunogenic, eliciting high titer immunogen-specific antibodies, while the unmodified form was almost nonimmunogenic.
Antibodies against standard carboxymethyllysine (CML) and pentosidine were detected in the immunized female rabbits,
which demonstrates the immunogenic nature of AGEs (CML and pentosidine) as well. The results show both structural per-
turbation and AGEs have the capacity of triggering the immune system due to the generation of neoepitopes that render the
molecule immunogenic. This study shows the presence of autoantibodies against 3-DG-modified H2A, CML, and pento-
sidine in the sera of type 2 diabetes patients having secondary complications. Autoantibodies against damaged H2A and
AGEs may be significant in the assessment of initiation/progression of secondary complications in type 2 diabetes mellitus

patients or may be used as a marker for early detection of secondary complications in diabetes.
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A typical nonenzymatic reaction of amino acids,
proteins, or nucleic acids with reducing sugars results in
the initiation of formation of Schiff base and/or Amadori
products, which then undergo a sequence of irreversible
chemical reactions to form advanced glycation end-prod-
ucts (AGEs) [1]. AGEs have been shown to adversely
affect the functional properties of proteins, lipids, and
DNA [2, 3] and are considered directly or indirectly
involved in the development of diabetes and uremic com-
plications such as atherosclerosis, nephropathy, retinopa-
thy, and neuropathy [4-6].

It is reasonably well documented that consistent
hyperglycemia has a major role in the pathogenesis of dia-

Abbreviations: AGEs, advanced glycation end-products; CML,
carboxymethyllysine; 3-DG, 3-deoxyglucosone.
* To whom correspondence should be addressed.

betes complications due to enhanced production of gly-
cating intermediates (a-oxoaldehydes) and the continu-
ous buildup of AGEs in body tissues [7, 8]. In the begin-
ning, glucose was considered as the major source of
AGEs; later, various sugars and non-sugar compounds
were recognized and found to be involved in development
of AGEs. It is very well established that under hyper-
glycemic conditions the level of a-oxoaldehydes (3-
deoxyglucosone (3-DG), methylglyoxal and glyoxal)
increases several-fold in diabetes patients, and higher
content of a-oxoaldehydes-derived AGEs have been
detected in tissue proteins [9-11]. Protein AGEs formed
by 3-DG result in the inactivation of critical cellular pro-
teins, which may lead to apoptosis or necrosis or cell
growth arrest [12, 13].

The long-lived proteins including collagen, elastin,
and lens crystalline and DNA are particularly susceptible
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to AGE modification [14, 15]. Histones (H2A, H2B, H3,
and H4) are long-lived proteins that are essential compo-
nents of eukaryotic chromatin structure [16]. Since indi-
vidual histones (such as H2A) [17] and histones in nucle-
osomes [18] have been found to be glycated by reducing
sugars in vitro and in vivo [19, 20], it is believed that this
process affects chromatin structure and function [21].

The evidence that AGEs have antigenic properties
led to the hypothesis that continuous formation of AGEs
in a diabetic body can provoke autoimmune response
[22]. Earlier study has shown the presence of protein
AGE:s and its immune complexes in several human tissues
including kidney in diabetic nephropathic patients [23].
Study has found antigenicity of glycated poly-L-lysine in
experimental animals, and autoantibodies were also
detected against modified lysine polypeptide in diabetes
patients [24]. Histone proteins are lysine-rich molecules,
suggesting the importance of autoantibodies against
lysine polypeptide in diabetes subjects. Furthermore,
another study reported the detection of circulating
autoantibodies against methylglyoxal-glycated histones in
type 1 diabetes mellitus patients [25].

Increase in autoantibodies against AGEs may go in
correspondence with the development of complications,
and thus quantitative estimations of such autoantibodies
may be important from the point of view of diabetes com-
plications. Based on previous reports about detection of
significant amounts of AGEs in different pathological
conditions, the impact of nonenzymatic glycation in
health and disease has become a focus of great signifi-
cance.

In the present study, H2A histone protein was glycat-
ed with 3-DG. The extent of glycation, formation of
intermediates and AGEs (carboxymethyllysine (CML),
pentosidine), and structural change in glycated H2A his-
tone were studied by various physicochemical techniques
[26]. Furthermore, immunogenicity of native and glycat-
ed H2A was probed by inducing antibodies in experimen-
tal animals. Aliquots from the same (native and glycated
H2A) samples were injected into experimental animals,
and anti-glycated-H2A histone antibodies were charac-
terized by immunoassay techniques. The presence of
autoantibodies in type 2 diabetes patients was also probed
against 3-DG-glycated H2A histone and AGEs (CML
and pentosidine).

MATERIALS AND METHODS

Materials. Anti-human IgG, anti-rabbit 1gG, 2,4-
dinitrophenyl hydrazine, 9,10-phenanthrenequinone,
dialysis tubing, alkaline phosphatase conjugates, p-nitro-
phenyl phosphate, sodium dodecyl sulfate (SDS), Tween-
20, and Protein A-agarose (2.5 ml pre-pack column) were
acquired from Sigma Chemical Company (USA). Triton
X-100 was from Hi-Media (India). ELISA plates (96
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wells) were purchased from NUNC (Denmark). All other
reagents/chemicals were of the highest analytical grade
available.

The same 3-DG-glycated H2A histone was used in
this work as in our earlier study [26].

Immunization schedule. The immunization of ran-
dom bred female New Zealand white rabbits with native
and glycated H2A histone was performed as follows.
Rabbits (n = 4; two each for native and glycated H2A)
were immunized intramuscularly at multiple sites with
100 pg of antigen emulsified with an equal volume of
Freund’s complete adjuvant. The animals were boosted
with the same amount of antigen in Freund’s incomplete
adjuvant at weekly intervals for 6 weeks. Antibody titer
was evaluated at every alternate booster dose. Test bleeds,
performed 7 days post boost gave significant antibody
titer. The animals were bled and the serum (preimmune
and immune) was heated at 56°C for 30 min to inactivate
complement proteins and stored at —20°C with 0.1%
sodium azide as preservative [27]. The Institutional
Ethics Committee approved the study protocol.

Collection of sera. Fasting blood samples of type 2
diabetes patients were obtained from IIMS&R, Integral
University. Consent was obtained from all subjects before
the withdrawal of blood samples, and the protocol was
approved by the Institutional Ethics Committee of
IIMS&R. All procedures were in accordance with the
Helsinki Declaration of 1975 as revised in 2008. All
patients were evaluated for secondary complications
(nephropathy, retinopathy, neuropathy, and angiopathy)
of type 2 diabetes and were under anti-diabetic treatment.
Age- and sex-matched normal human sera obtained from
healthy subjects served as control. Samples were collected
in glass test tubes and left to clot for 30 min at 37°C.
Serum was separated by centrifugation at 2000g for
10 min. Serum samples were then heated at 56°C for
30 min to inactivate complement proteins and stored in
aliquots at —20°C with 0.1% sodium azide as preservative.
Some important clinical information on subjects includ-
ed in the study is shown in Table 1.

Protein A-agarose affinity chromatography. IgG from
rabbit sera was purified by affinity chromatography on
Protein A-agarose column following the manufacturer’s
instruction and published literature [28]. In brief, serum
(0.3 ml) diluted with an equal volume of PBS was applied
on the column preequilibrated with the same buffer. The
wash-through was recycled 2-3 times, and unbound
material was removed by extensive washing with PBS.
The bound IgG was eluted with 0.58% acetic acid in
0.85% sodium chloride and collected in a tube containing
1 ml of 1 M Tris-HCI (pH 8.5). Three-milliliter fractions
were collected, and absorbance was read at 278 nm. The
IgG concentration was determined considering that 1.4
0D, corresponds to 1 mg/ml IgG. The isolated IgG was
dialyzed against PBS and stored at —20°C with 0.1% sodi-
um azide.
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Table 1. Important clinical characteristics of normal and
type 2 diabetic subjects

Variables Normal human Type 2

subjects diabetic subjects

Sample size, n 50 110

Disease duration, years - 12+ 4

Age, years matched 65x+7

Sex (male/female) 33/17 65/45

Glycated hemoglobin 4.82 +0.05 8.6 £0.8%*

(HbAlc), %

Body mass index (BMI) | 21.60 £ 4.25 27.32 + 5.13*

Blood glucose, mg/dl 87.0+5.4 205.00 £ 13.11%**

Note: Disease duration, age, HbAlc (%), BMI, and blood glucose lev-
els are the means and standard errors of three determinations.
The value of BMI is moderately higher in type 2 diabetic subjects
(* p < 0.05 vs. normal human subjects); the p value in case of
HbAlc (%) is significantly higher (** p <0.012 vs. normal human
subjects) than that of the normal human subjects; and for the
blood glucose level it is highly significant (*** p < 0.001 vs. nor-
mal human subjects).

Enzyme linked immunosorbent assay (ELISA) for
detection of antibodies and autoantibodies against respec-
tive antigens in immunized rabbits and diabetes patients,
respectively. ELISA was performed on flat bottom poly-
styrene plates as described previously [29]. Polystyrene
PolySorp immune plates with 96 wells were coated with
100 pl of native or glycated H2A or standard CML/pento-
sidine (10 pg/ml) in antigen coating buffer. The plates
were first incubated for 2 h at 37°C and then overnight at
4°C. Each sample was assayed in duplicate, and half of the
plate without antigen coating served as control. The wells
of the test plates were washed three times with TBS-T
(20 mM Tris, 2.68 mM KCl, 150 mM NaCl, pH 7.4, con-
taining 0.05% Tween-20), and unoccupied sites were
blocked with 150 pl of 2.5% fat-free skimmed milk in TBS
(10 mM Tris, 150 mM NacCl, pH 7.4) for 4-6 h at 37°C.
After incubation, the plates were washed 5-6 times with
TBS-T. Test serum serially diluted in TBS-T was added to
each well (100 pl/well) and incubated for 2 h at 37°C and
then overnight at 4°C. After incubation, the plates were
washed three times with TBS-T, and bound antibodies
were assayed with anti-rabbit alkaline phosphatase conju-
gate in TBS. After incubation for 2 h, the plates were again
washed three times with TBS-T and twice with distilled
water and then coated with p-nitrophenyl phosphate (sub-
strate for alkaline phosphatase). Absorbance (A) in each
well was monitored at 410 nm on an automatic microplate
reader. Each sample was run in duplicate. Results are
expressed as mean of (A — Acontrol) -
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For detection of autoantibodies against glycated
H2A or CML/pentosidine in diabetes patients’ sera, all
the steps were same except in place of rabbit sera, human
patients’ sera were used in 1 : 100 dilution in TBS buffer.

Competition ELISA for detection of specificity of
antibodies and autoantibodies against respective antigens
in immunized rabbits and diabetes patients, respectively.
The antigenic specificity of the raised antibodies in
immunized rabbits’ sera and of autoantibodies in diabetes
patients’ sera was determined by competition ELISA
[30]. The ELISA plates were coated with 100 ul of anti-
gen (native or glycated H2A, 10 ug/ml) for 2 h at 37°C
and overnight at 4°C. Varying amounts of inhibitors (0-
20 pg/ml) were mixed with a constant amount of affinity
purified IgG (40 pg/ml) and were allowed to interact for
2 h at room temperature and overnight at 4°C. The
immune complex thus formed was coated in the wells
instead of the serum. The remaining steps were the same
as described for direct-binding ELISA. Percent inhibition
was calculated using the formula:

Inhibition (%) = (1 — Ajunibitea/Auninhivicea) X 100.

Statistical analysis. Data are presented as mean *
standard deviation (SD). Statistical significance of data
was determined by Student’s #-test, with p < 0.05 consid-
ered significant.

RESULTS AND DISCUSSION

Biomolecules in chronic and persistent diabetes
patients are highly susceptible to be assaulted by various
glycating agents like reducing sugars and carbonyl com-
pounds, resulting in formation of AGEs through nonen-
zymatic glycation, which greatly changes protein struc-
ture and thus protein function [31-33]. Changes in pro-
tein structure by various modifications changes protein
immunogenicity [34]. Several studies have shown that
sera of diabetic individuals contain autoantibodies against
various proteins AGE structures [35, 36] that can trigger
autoimmune response. These antibodies have been estab-
lished to be involved in the initiation and propagation of
various pathological disorders like diabetes nephropathy
and chronic renal failure, atherosclerotic lesions of arte-
rial walls, and Alzheimer’s disease [25, 36, 37]. Consider-
ing the potential use of anti-AGE antibodies as a marker
of AGE deposition in diabetes patients, we investigated
the immunogenicity of 3-DG-glycated H2A and the
presence of anti-AGE autoantibodies in type 2 diabetes
sera and its likely role in diabetes autoimmunity causing
secondary complications.

The first step of the study was to determine the effect
of glycation on the immunogenicity of 3-DG-glycated
H2A [26], which was evaluated by inducing antibodies in
rabbits. Sera of animals immunized with native and gly-
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cated H2A were tested on PolySorp wells coated with the
respective immunogens. Native H2A did not elicit an
immune response and was found to be nonimmunogenic,
but glycation by 3-DG made it highly immuno-
genic. Direct-binding ELISA showed that 3-DG-glycat-
ed H2A induced high titer antibodies (>1 : 12,800), while
native H2A did not show significant titer under identical
experimental conditions. Antibody titers against standard
CML and pentosidine were also evaluated by direct-bind-
ing ELISA, showing high antibody titers around 1 :
12,800 in both cases (Fig. 1). Preimmune serum served as
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Fig. 1. Level of antibodies against glycated H2A, standard CML,
and pentosidine antigens. Direct-binding ELISA of glycated H2A,
CML, and pentosidine with preimmune (open square) and
immune (closed square), preimmune (open triangle) and immune
(closed triangle), and preimmune (open circle) and immune
(closed circle) sera, respectively. The microtiter plates were coated
with the respective antigens (10 pg/ml).
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Fig. 2. Direct-binding ELISA of affinity purified IgG (anti-glycat-
ed-H2A antibodies) with native H2A (closed circle), glycated H2A
(closed square), CML (closed triangle), and pentosidine (closed
rhombus). Microtiter plates were coated with the above-men-
tioned immunogens (100 pg/ml), and then increasing concentra-
tions of purified IgG were applied (for details see “Materials and
Methods”).
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Fig. 3. Characterization of antigenic specificity of the purified
anti-glycated-H2A antibodies by competitive inhibition assay.
Inhibition of anti-glycated-H2A antibody binding by glycated
H2A (closed square), standard CML (closed triangle), and pento-
sidine (closed circle) as well as inhibition of binding of preimmune
antibodies (closed rhombus) by all three inhibitors (depicted as
average of glycated H2A, standard CML, and pentosidine) was
determined. The microtiter plate was coated with glycated H2A

(10 pg/ml).

a negative control and did not show appreciable binding
with the respective immunogens. The high titer antibody
clearly indicates generation of neoepitopes in H2A by 3-
DG, making it highly immunogenic. High antibody titers
against standard CML and pentosidine suggest that CML
and pentosidine are also highly immunogenic in nature as
well as support the formation of AGEs (CML and pento-
sidine) during the glycation of H2A by 3-DG [26].
Structural changes in H2A caused by 3-DG glycation
may also favor polymerization of native epitopes of H2A
into potent immunogenic neoepitopes. Therefore, the
result clearly shows that there is a direct correlation
between glycation and immunogenicity.

Antibodies were isolated from preimmune and
immune (with native and glycated H2A as immunogens)
rabbit antiserum by affinity chromatography on a Protein
A-agarose column. The purity of isolated antibodies was
evaluated by SDS-PAGE under nonreducing conditions.
The purified IgG migrated as a single band upon elec-
trophoresis on a 10% polyacrylamide gel. The appearance
of a single band in SDS-PAGE confirms the isolated IgG
is highly purified (Fig. 2; inset). Direct-binding ELISA of
purified anti-glycated-H2A antibodies showed stronger
reactivity toward its immunogen as well as CML and pen-
tosidine compared to native H2A (Fig. 2). Preimmune
antibodies showed negligible binding under identical con-
ditions (data not shown).

The antigenic specificity of the purified anti-glycat-
ed-H2A antibodies was characterized by competitive
inhibition assay. A maximum of 88.4% inhibition of the
anti-glycated-H2A antibodies was observed using the

BIOCHEMISTRY (Moscow) Vol. 82 No. 5 2017
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immunogen (i.e. glycated H2A) as inhibitor at 20 pg/ml
(Fig. 3). The concentration of glycated H2A required for
50% inhibition was only 2.4 ug/ml. In the case of induced
anti-native H2A antibodies, negligible inhibition was
observed (data not shown). When 20 pg/ml CML and
pentosidine was used as inhibitor, a maximum 78.5 and
67.2% inhibition was observed (Fig. 3). The concentra-
tions of CML and pentosidine required to cause 50%
inhibition were 3.6 and 4.2 ug/ml, respectively.
Preimmune antibodies showed negligible inhibition with
the studied inhibitors (glycated H2A, CML, and pentosi-
dine) under identical experimental conditions. This
demonstrates that the induced antibodies (anti-glycated
H2A) are highly specific toward the glycated H2A, CML,
and pentosidine epitopes.

These inhibition results reiterate that the induced
antibodies are immunogen-specific. Induced antibodies
also showed cross-reactivity with CML and pentosidine,
a characteristic feature of polyspecific antibodies. The
distinguishing feature of experimentally induced antibod-
ies against glycated H2A was the preferential recognition
of CML and pentosidine. CML and pentosidine are
important AGEs that are formed predominantly on lysine
and arginine residues in vivo as well as in vitro, thus acting
as a major antigen in the immune system [38]. Our find-
ings are in accordance with previous studies that have
shown accumulation of CML and pentosidine in tissues
in various diseases, specifically in diabetic complications,
which serves as an immunological epitope [39, 40].

Native H2A used as an inhibitor of anti-glycated-
H2A antibodies showed negligible inhibition of the anti-
body activity. Through the highly specific or the modified
epitopes, the antibodies also identify the basic architec-
ture of H2A.

Binding of anti-glycated-H2A IgG antibodies with
an array of glycated proteins (or amino acids) and their
native analogs is presented in Table 2. It can be noted that
glycated inhibitors are preferentially bound by the exper-
imentally produced antibodies against glycated H2A
compared to their native analogs. Involvement of lysine
and arginine, besides other factors, in the immunogenic-
ity of glycated H2A is evident from the ability of glycated
lysine and glycated arginine in inhibiting the antibody
binding to the extent of 66.8 and 57.3% (at concentration
of 20 ug/ml), respectively. Furthermore, induced anti-
bodies showed cross-reactivity with CML, pentosidine,
and other glycated proteins or amino acids, a distinguish-
ing feature of polyspecific antibodies. The remarkable
feature of the experimentally induced antibodies against
glycated H2A was the preferential recognition of glycated
proteins or amino acids compared to their native con-
formers. This suggests that glycated epitopes of various
proteins and amino acids share common antigenic prop-
erties. Hence, glycated lysine and arginine are considered
as favorite substrates for anti-glycated-H2A antibodies,
which denote the involvement of lysine and arginine in
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Table 2. Antigen binding specificity of anti-glycated-
H2A IgG antibodies

Maximum | Concentration | Relative
Inhibitor inhibition for 50% affinity,
at 20 ug/ml, | inhibition, %
% pg/ml

H2A (N) 22.3

H2A (G) 86.2 2.8 100
IgG (N) 24.8

IgG (G) 54.6 10.4 26.92
HSA (N) 21.8

HSA (G) 39.5

Hemoglobin (N) 20.6

Hemoglobin (G) 40.3

Lysine 34.2

Lysine (G) 66.8 5.7 49.12
Arginine 36.1

Arginine (G) 57.3 7.8 35.9
Tyrosine 19.8

Tyrosine (G) 44.7

Tryptophan 23.3

Tryptophan (G) 38.5

Phenylalanine 23.5

Phenylalanine (G) 324

CML 76.8 3.5 80
Pentosidine 65.4 5.4 51.85
Carboxyethyl lysine 58.6 9.6 29.17

Note: N, native; G, glycated; HSA, human serum albumin. Antigenic
specificity of the induced anti-glycated-H2A IgG antibodies was
investigated by competitive inhibition ELISA. Microtiter plates
were coated with glycated H2A (10 pg/ml). The induced anti-
bodies exhibited wide range of heterogeneity in recognizing var-
ied inhibitors. A notable feature of experimentally produced
antibodies against glycated H2A was the preferential recognition
of glycated proteins or amino acids compared to their native con-
formers.

generation of neoepitopes on H2A protein upon glyca-
tion. Moreover, induced antibodies also showed strong
binding affinity towards CML and pentosidine, which
signify CML and pentosidine as highly immunogenic in
nature.

Based on the results, the immunological finding
ascertains that glycation of H2A by 3-DG leads to struc-
tural alteration as well as development of AGEs that are
responsible for the generation of neoepitopes on H2A,
exposing it to be highly immunogenic and resulting in the
assembly of antibodies. The antibodies produced, though
highly specific for the immunogen, also exhibited poly-
specific binding. In the case of humans, the polyspecific
nature of antibodies may contribute to the etiology of



M

Native H2A

Glycated-H2A CML Pentosidine

Fig. 4. Direct-binding ELISA of native H2A, glycated H2A, stan-
dard CML, and pentosidine with autoantibodies of normal
human (open square) and diabetic (closed square) sera. Normal
human serum served as control.
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Fig. 5. Direct-binding ELISA of affinity purified IgG from dia-
betic sera with native H2A (closed circle), glycated H2A (closed
square), CML (closed triangle), and pentosidine (closed rhom-
bus). Microtiter plates were coated with respective immunogens
(100 pg/ml) and then increasing concentrations of purified IgG
were used and the direct-binding ELISA procedure was followed
as described in “Materials and Methods”.

many autoimmune diseases. AGE-H2A may be one of
the decisive factors in antigen-driven induction of
autoantibodies, which may serve as a marker in the early
diagnosis/prognosis of diabetic nephropathy and thera-
pies that prevent or control their progression, which
might result in improved quality of life for patients.

In further study, we aimed to detect circulating
autoantibodies in type 2 diabetes sera against native and
glycated H2A as well as against CML and pentosidine by
direct-binding ELISA. The results are shown in Fig. 4.
Glycated H2A displayed statistically significantly higher
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(p < 0.001) absorbance (1.288 £ 0.095) with type 2 dia-
betic sera compared to healthy subjects (0.228 + 0.048).
Moreover, CML and pentosidine also showed statistically
significant (p < 0.001) absorbance of 0.989 = 0.072 and
0.769 * 0.083, respectively, compared to the healthy sub-
jects (0.191 £ 0.025 and 0.209 + 0.041). Whereas negligi-
ble binding of native H2A with healthy and type 2 diabet-
ic subjects was observed, around 52% (57 of 110 samples),
43% (47 of 110 samples), and 38% (42 of 110 samples) of
type 2 diabetic sera showed significantly enhanced bind-
ing with glycated H2A, CML, and pentosidine, respec-
tively. Binding of autoantibodies in normal sera with
coated antigens was similar. The purity of isolated anti-
bodies was evaluated by SDS-PAGE under nonreducing
conditions. The purified IgG migrated as a single band
upon electrophoresis on a 10% polyacrylamide gel. The
appearance of a single band indicates the purified IgG is
highly pure (Fig. 5; inset). Furthermore, direct-binding
ELISA of IgG purified from type 2 diabetic sera showed
strong binding with all three antigens (glycated H2A,
CML, pentosidine) (Fig. 5). Purified IgG from sera
showing enhanced binding with antigens were further
subjected to specificity analysis by inhibition ELISA
(Table 3). The mean inhibition in the binding of IgG of
type 2 diabetic sera with glycated H2A, CML, and pento-
sidine was 68.15 + 5.62, 52.68 +4.32, and 44.67 £ 3.45%,
respectively. Native H2A showed negligible inhibition of
binding with the IgG (23.42 £ 3.27%). The results were
significant at p < 0.001.

Earlier studies have demonstrated that increased
serum levels of AGEs are pathological stimulus for gener-
ation of anti-AGE antibodies in patients with diabetes
mellitus [41, 42] and are considered to play a contributo-
ry role in diabetic complications [43]. Our study substan-
tiates previous studies that have reported the presence of
anti-AGE antibodies in diabetic subjects having diabetic
complications [41, 44, 45].

In conclusion, there is mounting evidence that sug-
gests the presence of anti-AGE autoantibodies in diabetes

Table 3. Detection of autoantibodies against various anti-
gens in sera of type 2 diabetes mellitus patients

Number Maximum

Antigen of samples inhibition
tested at 20 pg/ml

(mean £ SD), %

Native H2A 50 23.42 +3.27
3-DG-glycated H2A 50 68.15+5.62
Standard CML 40 52.68 £4.32
Standard pentosidine 40 44.67 =+ 3.45
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and its complications. The character of these antibodies
and which particular anti-AGE antibodies are relevant to
the etiology of diabetic complications are yet to be estab-
lished. The possibility of effective therapeutic interven-
tion raised the importance of detecting anti-AGE anti-
bodies, and progress in measuring anti-AGE antibodies
using reliable methods will help determine the role they
have in the pathogenesis of many diseases, especially dia-
betes and its complications. The binding pattern and the
specificity that the anti-AGE antibody shows is rather
high, suggesting its involvement in diabetic complica-
tions. Therefore, it suggests that these anti-AGE antibod-
ies can be used as a biomarker for diagnosis and progno-
sis of the diabetes and its complications.
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